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Abstract 
Dilemma zone at signalized intersection has been recognized as a major potential factor causing rear-end and right-angle 
crashes. However, the impacts of dilemma zone have seldom been considered in optimization procedures of signal 
coordination. This paper conducts a comprehensive evaluation of effects of optimization objectives for signal coordination at 
two coordinated signalized intersections. Microscopic traffic simulation software, VISSIM, was used to represent the 
stochastic variation of traffic flow. The results indicate that the traffic flow fluctuation, the optimization objectives, and traffic 
demand level have significant impacts on dilemma zone distribution. Compared with length of dilemma zone, the number of 
vehicles in dilemma zone is more sensitive to the signal coordination. The method to avoid dilemma zone is also proposed 
based on simulation results. 
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1. Introduction 
In 1960, Gazis, Herman and Maradudin together put forward the notion of dilemma zone. A dilemma zone 
often poses a problem to a driver with respect to stopping before stop line or proceeding through the intersection 
before the yellow light uses out. The existence of dilemma zone usually results in red running and traffic 
accident, especially in the high speed traffic situation (1960). Speed, behavior of driver, signal timings, and 
characteristics of intersection are the reasons of the existence of dilemma zones (2008).And it has introduced two 
major types of accidents as reported in the literature: rear-end collisions and side crashes (2003). In response to 
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the needs of improving traffic safety, transportation professionals have developed a number of methods to reduce 
 decision-making during this critical phase-transition period. 
In some studies, it s found that increasing the time of yellow light can decrease the probability of red 
running (2002). And in other studies, many literatures have documented the impacts on driver s behavioral 
patterns due to the implementation of driver warning indicators, such as the studies on flashing amber (1997), the 
new blank-out overhead dynamic advance warning system (2007), green signal countdown devices (2010), 
overlapping signal indication and flashing green (2012)  . These ways can help the driver have a good sense of 
the turning of traffic lights, thus help to protect safety and efficiency of intersections. Some studies have also 
focused on the impact of speed and car-following on dynamic dilemma zone (2003). In general, there are two 
solutions to the problems of dilemma zone. One way is to mitigate the dilemma by reinterpreting the traffic rules 
as suggested by the 1992 Uniform Vehicle Code. The other is to set a long enough yellow duration. But both of 
them can cause other problems (1996). 
Not only can driver warning indicators eliminate or mitigate dilemma zone, but also the traffic control can 
achieve this goal.  Appropriate actuated control can help mitigate dilemma zone, and it has better effects than 
conventional solutions (2009). At closely-spaced high-speed intersections, dilemma zone protection and signal 
coordination can associate with each other for the best optimization. With the help of coordinated control, 
dilemma zones may be mitigated or even eliminated, especially in high-speed way. Given the limited speed 
difference between adjacent intersections, most of vehicles can have a green-way to get through intersections 
without stops (2001). Moreover, it can protect vehicles getting into dilemma zones no matter how much yellow 
interval is. 
The dilemma zone can be confirmed by two critical distance of GMH model (Fig.1). The stopping distance 
is defined as 0X and the clearing distance is defined as cX . If the vehicle is before line 1 or behind line 2, it 
will not experience any dilemma zone. However, if 0X  is greater than cX  if the vehicle is placed between 
line 1 and line 2, a dilemma zone is formed and neither the distance to the intersection is adequate for stopping, 
nor is the yellow interval adequate for clearing the intersection. In this situation, the vehicles in the dilemma zone 
can neither stop smoothly nor get through the intersection. The driver can t make a decision whether to accelerate 
or not. The following equation can be used to calculate the two critical distances (1960): 
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Where, 0V  =the approach speed of the vehicle (m/s);  
     1   =the driver s perception-reaction time for running (s); 
       2  =the driver s perception-reaction time for stopping (s); 
       1a   =the constant vehicle s acceleration rate (m2/s); 
       2a  =the maximum vehicle s deceleration rate (m2/s); 
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       =the duration of yellow interval (s); 
           W  =the summation of intersection width and the length of vehicle (m). 
 
 
Fig1. Dilemma zone 
 
Coordinated control is a control system which makes the adjacent intersections  signal timing coordinating 
with each other along arterial traffic, with a fixed scheme. The vehicle comes to the first intersection to wait for 
green, and then gets through the first intersection. When it reaches the next intersection, the coordinated control 
needs to make sure that the vehicle can have a low probability of meeting the red. The intersections, which are 
under coordinated control, need to have the same cycle length. The cycle length is calculated by the critical 
intersection. The offset is calculated by the distance between adjacent intersections and the average speed. And 
the length of green light of arterial traffic of the critical intersection is the minimum length of green light of other 
intersections. There are some ways to eliminate or decrease the effect of dilemma zone for improving safety and 
efficiency of principal arterial. If only one single intersection is optimized or analyzed, the results may not be 
good for the system under coordinated control. When optimizing the first intersection, the next intersection 
shouldn t be affected seriously by the dilemma zone. The harm of the dilemma zone in coordinated control can 
be weighed by the length of dilemma zone of the next intersection and the amount of vehicles entering into 
dilemma zone. The longer the dilemma zone is, the more dangerous the vehicles are, which leads to a higher 
probability of rear-end and side collision.  
2. Experiment design 
This study has conducted field observations at two signalized intersections along the Cao an road in 
Shanghai with coordinated control (see Fig. 2(a)), one is Cao an-Lvyuan intersection, the other is 
Cao an-Jiasong(N.) intersection. As summarized in Table 1, the two test intersections are similar in geometry, 
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traffic flow patterns, and signal timings, and they both adopt two-phase timing. This paper also collects basic 
volume of each approach of the two intersections. For the best coordination, this paper sets the cycle length as the 
same and the offset as 38s.  
In order to facilitate the narrative, this paper regards Cao an-Lvyuan intersection as intersection 1 and 
Cao an-Jiasong(N.) intersection as intersection 2 which are in blue cycles in Fig2(a). Identically, this paper 
defines the dilemma zone of the west approaches of intersection 2 as dilemma zone A, and the dilemma zone of 
the east approaches of intersection 2 as dilemma zone B, which are represented in Fig.2(a) with red rectangles. In 
this paper, upstream is referred to the flow from west to east (purple arrow), and downstream is referred to the 
flow from east to west (blue arrow). 
Table. 1 Summary of Key Characteristics at the Study Intersections 
Key characteristics intersection 1 intersection 2 
Geometry Target movements through Through 
Number of lanes 3 3 
Width of lanes (m) 3.5 3.5 
Width of intersection(m) 30 35 
Signal timings Cycle length (s) 72 72 
Splits 0.57 0.53 
Amber (s) 3 3 
Traffic volume upper speed limit (km/h) 80 80 
upstream flow (veh/h) 1162 
 downstream flow (veh/h) 1231 
To get the relative traffic data, this paper conducts simulations by using VISSIM and VISSIM s secondary 
development. In this paper, wiedemann s physiology-psychology drive behavior model is used in VISSIM. From 
this platform, lots of traffic information can be obtained, such as the vehicles in the dilemma zone in a unit 
interval, travel time and so on. And the signal timing can be changed easily. In the experiment, we take notes of 
the vehicles in the dilemma zone each cycle, and travel time is referred to the time of vehicle travel from A to B 
with the distance of 1000m. It s worth to mention that there are two dilemma zones to study. The network built in 
VISSIM is showed in Fig.2(b). 
 
a. Reality network b. Network in VISSIM
Fig. 2 Two study intersections along Cao an road in Shanghai 
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In order to find the change rule of the travel time, the travel time distributions of stop and non-stop vehicles, 
the green wave bandwidth and the vehicles in dilemma zone, this study sets different situations about metabolic 
flow and various cycle length to simulate. Relative data is obtained from VISSIM for further study. The analysis 
procedure employed is showed as following: 
Step1: Analyze the variation of the travel time, the travel time distributions of stop and no-stop vehicles, the 
green wave bandwidth and the number of vehicles in dilemma zone to get the variation rules with constant signal 
timing and changing principal flow. Step2: Analyze the variation of the travel time, the travel time distributions 
of stop and no-stop vehicles, the green wave bandwidth and the vehicles in dilemma zone to get the variation 
rules with constant volume and changing cycle length. In this step, the splits of each intersection come from 
Webster (1958) and it can be founded as: 
i
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Where, i =the split of phase i; 
       iy =the bigger one of the ratio of flow rate to capacity (v/c) of phase i. 
3. Simulation results 
Step1: Analysis of the relationship between the three mentioned indexes and the flow with the same 
signal timing 
To get the relationship between the vehicles in dilemma zone and the flow, this paper simulates the network 
in12 different cycle lengths with the normal signal timing and 8 different flows, which increases from 500veh/h 
to 4000veh/h with the interval of 500veh/h. And the vehicles in dilemma zone A in the middle ten cycle lengths 
are selected.  
As travel time plays an important role in traffic evaluation, this study has compared the travel time 
distribution, the stopped travel time and the non-stopped travel time with different flows. The data consisted of 
detailed individual vehicle trajectories with time and location stamps, from which the link travel times of 
individual vehicles could be calculated. In this study, link travel time refers to the period of time from the time 
point a vehicle enters cross-section A to the time point this vehicle passes the cross-section B. Intersection travel 
time is excluded. There are totally 200 travel time samples collected under the flow of 500veh/h, 2000veh/h and 
4000veh/h respectively from the simulations as shown in Fig.3. The peaks are the major components of travel 
time, representing non-stopped vehicles (green vehicles in Fig.3) and stopped vehicles (red vehicles in Fig.3). 
Non-stopped vehicles refer to vehicles which pass the end of the link without stopping, while stopped vehicles 
refer to vehicles stopping at the end of the link for a green phase. The peak of the green vehicles represents the 
travel time of non-stopped vehicles with highest probability. And the peak of the red vehicles represent the travel 
time of stopped vehicles with highest probability Travel time distribution is successive from the minimum time 
(around 45s) to the maximum time (around 90s). From Fig.3(a) and Fig.3(b), the number of non-stopped vehicles 
are more than that of the stopped vehicles obviously. The travel time of the non-stopped vehicles follows normal 
distribution and the average travel time is both around 51s with a 8s standard deviation. From Fig.3(c), the 
proportion of stopped vehicles is greater than that of non-stopped vehicles with the flow of 4000veh/h. 
meanwhile, the peak of travel time of stopped vehicles moves to longer. 
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a. Flow of 500veh/h b. Flow of 2000veh/h c. Flow of 4000veh/h 
Fig.3 Travel Time Distribution with Different Flows 
 
For coordinated control, this study also simulates the situations above with four different offsets and the 
ratio of offset to cycle length is 0, 0.25, 0.5 and 0.75. Especially, to state the regularity of variation of the vehicles 
in dilemma zone strictly, this paper respects the ratio of 1 as the special situation that there is no vehicle getting 
into the dilemma zone in this situation. 
Band of green wave is a very important index for coordinated control. It will have a direct impact on effects 
of green wave. The broken line graph (see Fig.4) shows the rule of bandwidth of green wave. It reaches a peak 
point when the ratio of offset to cycle length is 0.5, which means the offset is 36s. And the bandwidth decreases 
to both sides until it has the least value with the ratio of 0 or 1. More detail contents are showed in Step2. 
 
Fig.4 The variation of Bandwidth of Green Wave with Cycle Length of 72s 
 
The amount of vehicles in dilemma zone is one of points of this paper. In this study, the numbers of vehicles 
in dilemma zone A (blue curve) in ten different cycle lengths with different offsets are obtained from the 
simulations. The variation of the sum of the vehicles in ten cycles is shown in Fig.5. In Fig.5, the red zone 
represents the amount of vehicles in the dilemma zone is high, and as the amount decreases, the color turns into 
yellow, green and blue successively. The amount of vehicles in dilemma zone ranges from 1 to 7 in only one 
cycle when the ratio of offset to cycle length is below 0.75. From Fig.5, the curves increase as the flow increases 
with the same ratio of offset to cycle length. And the increase trend becomes slower and slower with the 
improvement of the ratio of offset to cycle length. When the flow is higher than 3500veh/h, the increase rate 
tends to be a negative, which is due to the decreased vehicle speed affected by the high flow. This study sets the 
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saturation rate as 1800veh/h for each lane. So when the ratio of flow to capacity is higher than 0.65, the amount 
of vehicles in dilemma zone increases little with increase of flow. The vehicles in dilemma zone are also affected 
by the offset. Fig.5. shows that the amount of vehicles in dilemma zone decreases as the offset increases. When 
the ratio is from 0.75 to 1 and the flow is below 3500veh/h, there is no vehicle getting into the dilemma zone. So 
there will be a value, which is critical, between 0.5 and 0.75. And when the offset is shorter than it, there will be 
vehicles getting into the dilemma zone. On the contrary, there will be no vehicles getting into the dilemma zone 
when the ratio of offset to cycle length is longer than it. Under the situation of the flow of 4500veh/h, the changes 
of number of vehicles in dilemma zone is different from other situations. As the ratio changes from 0 to 0.75, the 
amount of vehicles in dilemma zone decreases slowly, and becomes even less than the situation of flow of 
3500veh/h when the ratio is 0. The amount reaches a higher value when the ratio is 0.25, 0.5 and 0.75. 
Especially, the value isn t 0 when the ratio is 0.75, which may be explained by the effect of great traffic flow 
 
Fig.5 The Relationship Between the Number of Vehicles in Dilemma Zone and the Flow 
 
In order to get wispy observation, Fig.6 and Fig.7 shows the variation of the number of vehicles in dilemma 
zone with flow of 1500veh/h, 2500veh/h and 3500veh/h and the ratio of 0, 0.25 and 0.5 respectively. From fig.6, 
the number of vehicles in dilemma zone increases with the same ratio from 1500veh/h to 3500veh/h, which can 
be seen from fig.6 (a) to fig.6 (c). And the effects of the dilemma zone reduces as the offset increases until the 
ratio is 0.75. When the ratio is greater than 0.75, the vehicles never get into the dilemma zone. From Fig.7, the 
number of vehicles in dilemma zone tends to increase as the flow increases. But it was deserved to mention that, 
when the ratio is 0 and the flow is over 3500veh/h, the number of vehicles in dilemma zone does not increase, but 
decreases (see Fig.7 (a)). And when the ratio is higher, the increase rate is greater. Even the higher increase rate, 
it can t over the vehicles in dilemma zone when the ratio is 0 and the flow is 3500veh/h, that the vehicles in 
dilemma zone are 36. 
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a. Flow of 1500veh/h b. Flow of 2500veh/h c. Flow of 3500veh/h 
Fig.6 The Number of Vehicles in Dilemma Zone with Different Flows 
 
   
Fig.7 The Number of Vehicles in Dilemma Zone with Different Ratios and the Same Cycle 
 
Step2: Analysis of the relationship between the three mentioned indexes and the cycle length with the 
same flow 
To get the relationship between the three mentioned indexes and the cycle length, this study simulates the 
network with the normal volume and five cycle lengths, which are 60s, 70s, 80s, 90s and 100s with the fixed split 
and different offsets.  
As mentioned in Step1, the travel time distribution in this step also includes non-stopped travel time (green 
vehicle) and stopped travel time (red vehicle). For the comparison of the different cycle lengths, this study 
collected 200 travel time samples under the cycle length of 60s, 80s and 100s respectively from the simulations 
as shown in Fig.8. Because of the fixed split, the proportion of non-stopped vehicle and that of stopped vehicle 
changes little from the cycle length of 60s to 100s. And the green vehicles also follow normal distribution and the 
average travel time is also around 51s with a 8s standard deviation. But the variation of stopped travel time is 
very obvious. From the cycle length of 60s to 100s, the maximum of stopped travel time changes from 80s to 
98s, even its proportion has little change. Besides, its peak point moves from left to right. As a result of that, the 
average stopped travel time is increased by 2.5s on average with every 10s increase of cycle length, while the 
average non-stopped travel time hardly increases. 
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a. Cycle of 60s b. Cycle of 80s c. Cycle of 100s 
Fig.8 Travel Time Distribution with Different Cycle lengths 
 
Just like Step1, there are also four offsets for different cycle lengths and the ratio of 1 is also regarded as the 
non-vehicle in dilemma zone situation. 
From Fig.9, the ratio of offset to cycle length of 0.5 makes the coordinated control has a greatest bandwidth 
of green wave. And in this way the vehicles have the highest probability to meet the green light. The bandwidth 
decreases as the ratio of 0.5 changes to both sides for each cycle length. Moreover, the bandwidth relates to the 
cycle length. From 60s to 100s, the color changes from yellow to red obviously and the value of z-axis becomes 
greater and greater. So it s easy to find that the width increases as the cycle length increases. The arrival form of 
the green wave is also an important factor of dilemma zone. In general, there are four arrival forms: (1) the fleet 
arrives at dilemma zone A with a saturation flow. In this situation, the amount of vehicles in dilemma zone is in 
the highest value; (2) the fleet arrives at dilemma zone A with a gradually decreased flow; (3) the fleet arrives at 
dilemma zone A with a normal flow; (4) the vehicle team meets intersection 2 during the red light and no vehicle 
gets into dilemma zone. And the following study will discuss about it. In this situation, the amount is 0. 
 
Fig.9 The variation of Bandwidth of Green Wave with Different Cycles 
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In this section, the number of vehicles in dilemma zone A of ten different cycles is also obtained from the 
simulations. Fig.10 shows that the amount of vehicles in dilemma zone changes with the cycle length and the 
ratio s changes. The meaning of color has been explained in Step.1. From Fig.10, the greatest amount of vehicles 
in dilemma zone is 29 when the cycle length is 70s, and the amount is lowest when the cycle length is 60s. When 
the cycle length is over 70s, the Fig.10 shows that the amount decreases in a low rate. So just in the perspect of 
the number of vehicles in dilemma zone, the value of the cycle length in the two edges is better than the middle 
one. The red zone shows that there are a large number of vehicles in dilemma zone when the cycle length is 
around 70s and the ratio is range from 0 to 0.25. When the ratio is below 0.75, there is no vehicle in dilemma 
zone. So the appropriate offset can also help eliminate or reduce the dilemma zone. 
 
Fig.10 The Relationship between the Number of Vehicles in Dilemma Zone and Cycle Length 
 
Likewise, in order to get wispy observation, Fig.11 and Fig.12 shows the variation of the number of vehicles 
in dilemma zone with cycle of 60s, 70s and 80s and ratio of 0, 0.25 and 0.5 respectively. From Fig.11, the 
number of vehicles decreases as the ratio increases, which means the offset increases. And when the cycle length 
is 70s, the dilemma zone has the most vehicles. When the ratio is over 0.75, there is no vehicle in dilemma zone. 
With the same zero point, the decrease rate of cycle length of 70s is greater than the other two ones. From Fig.12, 
it s easy to see that the ratio of 0 has the worst situation for dilemma zone and the ratio of 0.5 can protect many 
vehicles from getting into the dilemma zone. And all the three broken line graphs reach a peak point with the 
cycle of 70s. So it should be avoided to adopt this cycle length in reality. 
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a. Cycle of 60s b. Cycle of 70s c. Cycle of 80s 
Fig.11 The Number of Vehicles in Dilemma Zone with Different Cycles 
 
   
a. Ratio of 0 b. Ratio of 0.25 c. Ratio of 0.5 
Fig.12 The Number of Vehicles in Dilemma Zone with Different Ratios and the Same Flow 
 
4. Conclusion 
This paper has simulated two signalized intersections along the Cao an road in Shanghai with coordinated 
control in different situations. Then from these simulations, this study analyses the influence of flows and signal 
timings on the dilemma zone. To get the evaluation, three parts are considered: the travel time, the band of green 
wave and the number of vehicles in dilemma zone respectively. Data is obtained through the platform of 
redevelopment of VISSIM. From extensive and statistical analyses, this study has reached the following tentative 
conclusions: 
1. There will be different travel time distributions with different flows. When the flow is not high, the travel 
time distribution is similar with each other. The non-stopped travel time distribution follows normal distribution 
and the non-stopped vehicles are more than stopped vehicles with a high proportion. Moreover, the proportion of 
non-stopped vehicles and stopped vehicles does not have a big variation. When the flow is high, the travel time 
distribution changes to a situation with more stopped vehicles. At the same time, the peak of non-stopped 
vehicles becomes lower. 
2. The amount of vehicles in dilemma zone is also affected by flow. More flow will lead to more vehicles in 
dilemma zone with the same offset. And the amount increases with a greater rate under 0.5 times saturation flow. 
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The proper offset decreases the number of vehicles in dilemma zone effectively. Especially, the number of 
vehicles in dilemma zone keep a high value when the flow is higher than 3500veh/h. 
3. The average travel time increases as the cycle length increases. And the main change is happened to the 
stopped travel time. The maximum of stopped travel time increases as the cycle length increases and the 
non-stopped travel time distribution does t have an obvious change. 
4. Offset determines the bandwidth of green wave for coordinated control. In this study, when the ratio of 
offset to cycle length is 0.5, the bandwidth of green wave meets the highest value for a signal cycle length, and 
when the cycle length is 70s, the bandwidth meets the highest value for all the listed cycle lengths. When the 
cycle length is greater than 70s, the bandwidth decreases in a low rate. 
5. In the case of the four arrival forms, the best control way for dilemma zone is the fourth form which 
makes vehicles to meet intersection 2 with red light, but it leads to a greater delay for the system. Synthesizes 
each kind of situation, the second and third form should be adopted with fewer vehicles and shorter average 
travel time. 
6. The amount of the vehicles in dilemma zone is the highest with the cycle length of 70s and the ratio of 
offset to cycle length of 0. Increase or decrease the cycle length both reduces the amount. Increase the ratio for 
greater bandwidth can also reduce the amount. 
For perfecting this study, it should be mentioned that all reported findings above are exploratory in nature 
and much remains to be extended; further research will be tried to make deeper investigation and analyses, which 
are listed as following: 
1. Enrich the data by more simulations and field observations for more detailed information to get better 
analysis under different geometry, traffic, and control conditions; 
2. Be sure the condition of the four forms in all kinds of traffic conditions to get a good coordinated control, 
and make it good for travel time , width of green wave and the dilemma zone. 
3. Analyze the relationship between dilemma zone and cycle length to get the proper cycle length and offset 
to reduce or eliminate the dilemma zone. 
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